Frontotemporal lobar degeneration (FTLD) represents a spectrum of disorders comprised of three core syndromes: frontotemporal dementia (FTD), progressive nonfluent aphasia (PA), and semantic dementia (SD). 1 Although a variety of pathologies underlie FTLD, 2,3 the clinical presentation is determined by anatomical distribution of the lesions. 1 ABSTRACT: Frontotemporal dementia (FTD) is one of three neurobehavioural syndromes produced by frontotemporal lobar degeneration. Despite the importance of FTD as a cause of dementia, especially in younger age groups, and a rationale for therapies targeting serotonergic and dopaminergic systems, there have been no large scale treatment trials in FTD. Moreover, there is no consensus on standards to facilitate comparison across therapeutic trials. This paper reviews the literature on therapeutic trials in FTD and outlines general recommendations for standards related to the development of future treatment studies in this disorder. Drugs tested in FTD include trazodone, galantamine, idazoxan, lithium plus fluoxetine, lithium plus paroxetine, SSRIs, l-deprenyl, moclobemide, methylphenidate, piracetam, rivastigmine, donepezil, olanzapine, risperidone, amantadine, guanfacine, allopurinol, and bromocriptine. Improvement has been reported in FTD for all drugs except piracetam, guanfacine and galantamine, although there was improvement on galantamine in primary progressive aphasia. Whereas improvement has been reported for paroxetine and other SSRIs, as well as idazoxan and methylphenidate, paroxetine and idazoxan have also been reported to cause a decline in function, and a marginally significant decline has been reported for methylphenidate. In addition, patients with Pick's disease, which is part of the spectrum of frontotemporal lobar degeneration, showed improvement on calcium EDTA. Six studies are double-blind placebo-controlled trials: two reports of cases using idazoxan and group trials using trazodone, paroxetine, galantamine and methylphenidate. It is recommended that experts in FTD arrive at a consensus to define standards for all clinical trials in FTD. These should include standards for diagnostic criteria, tests of severity, experimental design, and outcome measures.
Involvement of orbitofrontal regions bilaterally produces FTD, left perisylvian damage gives rise to PA, and lesions in the temporal poles and inferolateral cortex result in SD. 2 The most common presentation is FTD. 4, 5 This paper reviews the current literature on therapeutic trials in FTD and outlines general recommendations for standards related to development of future treatment studies in this disorder.
Frontotemporal dementia usually occurs in individuals under the age of 70. 6 In a population-based study of FTD in the Netherlands, Rosso et al 7 found a maximum prevalence of 9.4 per 100,000 at 60-69 years of age. The prevalence was 3.6 per 100,000 from ages 50-59 and 3.8 per 100,000 from ages 70-79. In a community-based study of FTD in the United Kingdom, Ratnavelli et al 4 reported a prevalence of 15 per 100,000 in the 45-64 age group. In fact, they found that 15.7% of cases (17/108) with onset of dementia under age 65 years had FTLD, and that 12% (13/108) had FTD. The other cases had PA (n=2) and SD (n=2). In another study of a hospital-based series of 330 demented patients in Japan, Ikeda et al 5 found that 12.7% had FTLD. Of these cases, 52.4% had FTD, 35 .7% had SD, and 11.9% had PA. Imamura et al 8 found that 6.8% of their hospitalbased series had FTD. In neuropathological series, FTD comprised 17% and 8% of cases with dementia under age 70 years, 9, 10 and from 5-13% of all cases. [9] [10] [11] [12] Despite the importance of FTD as a cause of dementia, especially in younger age groups, and the rationale for potential therapies targeting serotonergic [13] [14] [15] [16] and dopaminergic 14 systems, there have been no large scale treatment trials in FTD; 17 and only six double-blind placebo-controlled studies: two reports of cases using idazoxan, an alpha 2 adrenoreceptor antagonist, 18, 19 and group trials using trazodone, a serotonergic agent, 20 paroxetine, a selective serotonin reuptake inhibitor (SSRI), 21 galantamine, 22 a cholinesterase inhibitor and methylphenidate, a drug that increases synaptic and extracellular dopamine and noradrenaline. 23 Sahakian et al 18 reported an FTD case treated with 40 mg of idazoxan, administered on two occasions, using a double-blind placebo-controlled protocol. There was improvement on tasks sensitive to frontal lobe function (i.e., Tower of London test of planning, verbal fluency for categories, and percentage of correct detections made on a rapid visual information processing test of sustained attention), but there was no benefit on paired associates learning, pattern and spatial recognition, or digit span. The diagnostic criteria were not stated. Coull et al 19 reported three cases treated with idazoxan using a double-blind placebocontrolled design. Two doses were administered on two separate occasions. The patients met provisional operational criteria for dementia of the frontal lobe type. 24 Outcome measures included pattern and spatial recognition, spatial working memory, Tower of London, rapid visual information processing, ID/ED attentional set-shifting task, paired associates learning, verbal fluency, delayed matching to sample, logical memory test, and digit span. Improvement was noted, particularly on tests of planning, sustained attention, verbal fluency, and episodic memory. However, there were deficits on a test of spatial working memory. Statistical analyses were not carried out in either of the two studies using idazoxan.
Lebert et al 20 reported a multicentre, double-blind, placebocontrolled, cross-over trial in FTD using trazodone. The diagnosis was based on the Lund-Manchester criteria, 25 and a score of >3 on the Frontal Behavioural Dysfunction Scale. Inclusion criteria included a total score >8 on the Neuropsychiatric Inventory (NPI) and a score ≥4 for one of the following NPI items: delusions, hallucinations, aggression, depression/dysphoria, anxiety, disinhibition, irritability, abnormal motor behaviour, or sleep disorders. They studied 31 patients who were treated for two 6-week periods (placebotrazodone or trazodone-placebo sequence), and 26 patients completed the study. The primary outcome measure was the total NPI score, and secondary outcome measures were the Clinical Global Impression Improvement (CGI-I) and MMSE. There was a significant benefit of trazodone on total NPI score (p=0.028) with improvement on eating disorders, agitation, irritability, and depression/dysphoria; however, there was no significant improvement measured by CGI-I (p=0.08) or MMSE (p=0.1). 20 Deakin et al 21 reported a double-blind placebo-controlled trial in ten subjects with FTD using paroxetine. There were complete data in six subjects. Diagnosis was based upon the criteria by Neary et al. 1 All patients also conformed to local guidelines showing at least 5 of 12 clinical features. 21 Outcome measures consisted of tests taken from the Cambridge Neuropsychological Test Automated Battery (CANTAB) and the CANTAB extensions. The tasks included immediate and delayed pattern recognition, spatial recognition, spatial span, spatial working memory, visual discrimination learning/attentional set shifting, decision-making 'Gamble', and paired-associates learning. The NPI and the Cambridge Behavioral Inventory were also administered. There was a decrease in performance on reversal shifts of the visual discrimination learning/attentional set shifting task (p=0.050) and delayed pattern recognition memory (p=0.020). In addition, there was a decrease in performance on paired associates learning that neared significance (p=0.056). There were no significant differences on the NPI or Cambridge Behavioral Inventory and no changes on the decision making task, spatial span, spatial recognition, spatial working memory, immediate pattern recognition, digit span, and verbal fluency.
Kertesz et al 22 reported a study of galantamine in FTD and primary progressive aphasia. The latter term includes both PA and SD. 26 The study was published in abstract form. Diagnostic criteria were not stated. After treatment for 18 weeks, patients entered a four week double-blind placebo-controlled withdrawal phase. Of 41 subjects screened, there were 36 who completed the open-label phase and 34 who completed the double-blind phase. Primary outcome measures consisted of the Frontal Behavioral Inventory (FBI), Aphasia Quotient of the Western Aphasia Battery (WAB), and the Clinical Global Impressions (CGI). Secondary outcome measures included an activities of daily living measure (ADCS-ADL-Inventory), MMSE, Dementia Rating Scale-2, NPI, and subscales of the WAB and FBI. In the placebo controlled withdrawal phase, there was significant benefit in primary progressive aphasia on the CGI (p=0.009). However, there was no improvement in the overall group on this measure. In addition, the Aphasia Quotient of the WAB remained stable in the active treatment group compared to placebo whereas the placebo group showed a decline.
Rahman et al 23 carried out a double-blind-placebo-controlled cross-over study of methylphenidate, using a single dose of 40 There was an attenuation of risk-taking on the Cambridge Gamble Task. There was also a marginally significant detrimental effect on spatial span on the span score (p=0.096). Based upon the above double-blind placebo-controlled studies, the best evidence to date for the treatment of FTD is for trazodone. However, the results require replication in larger well-controlled studies. Although the double-blind placebocontrolled trials of idazoxan and methylphenidate showed positive results on certain measures, these studies were based on a small number of cases and are not as compelling as the larger study on trazodone. Moreover, there was worsening of cognitive function on one measure using idazoxan (statistical analyses not carried out) and a marginally significant detrimental effect on a measure using methylphenidate. The galantamine trial did not show benefit in FTD but this study is notable in that there was improvement in primary progressive aphasia. Similarly to the comment on the trazodone study, the galantamine, idazoxan, and methylphenidate trials require replication.
LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES
Several other treatment trials have been carried out. However, these were not double-blind placebo-controlled. Nevertheless, these trials are included to provide an overview of the research to date on treatment of FTD. These studies will be briefly reviewed with a focus on diagnostic criteria, outcome measures, and results.
Lebert and Pasquier 27 carried out a 6-week open label trial of trazodone in 14 consecutive patients with FTD who met LundManchester criteria including a SPECT pattern of an isolated frontotemporal uptake decrease. There was significant improvement on the following domains of the NPI: delusions, aggression, anxiety, irritability, depression, disinhibition, and aberrant motor behavior. There was no effect on the MMSE.
Anderson et al 28 reported two patients with FTD and severe depressive illness who were treated with lithium plus an SSRIfluoxetine in one case and paroxetine in the other. Both cases showed improved mood. In one, there was no improvement in cognitive function, while in the other, there was improvement in memory but not in frontal lobe function. Diagnostic criteria for FTD and frontal lobe outcome measures were not stated.
Swartz et al 29 treated 11 FTD patients with SSRIs (fluoxetine, n=5; sertraline, n=5; or paroxetine, n=1) in an open label study for a minimum of 3 months. The patients met the clinical, neuropsychological, and neuroimaging criteria for FTD that were used to create the Lund-Manchester criteria. There was improvement in disinhibition, depressive symptoms, carbohydrate craving, and compulsions in at least 50% of subjects who had these problems. The outcome measure was a 7-point scale modeled after the CGI change scale. Response to SSRIs was unrelated to baseline MMSE.
Moretti et al 30 Eleven had FTD and five had SD. The goal was to determine whether behavioural symptoms, especially stereotyped behaviours, would improve. There was significant improvement on the NPI total score and aberrant motor behavior subscale, and on the Stereotypy Rating Inventory 35 total score and following subscales: eating and cooking, roaming, speaking, movements, and daily rhythm. There was no significant change in MMSE scores. The response to treatment was not analyzed for FTD and SD separately.
Moretti et al 36 carried out a 12 month open label study of rivastigmine in subjects who met Lund-Manchester criteria for FTD and DSM-IV criteria for dementia. Twenty subjects received rivastigmine and 20 received "standard" treatment with antipsychotics, benzodiazepines, and selegiline. Outcome measures included the NPI, Cornell Scale for Depression in Dementia, BEHAVE-AD, Relative Stress Scale, Clinical Insight Rating Scale, MMSE, Ten Point Clock Test, and Proverb Interpretation Tasks. The authors reported significant benefit in the rivastigmine group on the NPI, BEHAVE-AD, Cornell Scale for Depression in Dementia, Relative Stress Scale, and executive function. 36 Lampl et al 37 studied nine subjects with FTD who were treated with donepezil or rivastigmine and who were diagnosed according to the criteria by McKhann et al. Outcome measures included SPECT imaging, MMSE, and clock drawing. The were four males and five females. The four males showed clinically significant improvement that was also demonstrated on SPECT in three cases. Three women showed only very slight improvement initially.
Chow 38 40 reported a single case with FTD who was treated with risperidone. Improvement was noted in psychosis and social function. There also seemed to be better motivation and insight. Diagnostic criteria were not stated and there were no formal outcome measures.
Drayton et al. 41 carried out a retrospective chart review which included eight patients with FTD who were treated with amantadine. Five patients were considered to be responders based on a 7-point Clinical Global Impression Scale. One patient showed an equivocal response. Diagnostic criteria for FTD were not stated.
Mendez et al 42 studied eight FTD patients with stereotypical movements who were treated with sertraline for six months. All patients met the Neary et al criteria for FTD. Frontally predominant, anterior temporally predominant, or frontotemporal changes on SPECT or PET were also required for diagnosis of FTD. After treatment with sertraline, there was a significant decline in stereotypical movements on the Abnormal Involuntary Movements Scale.
Chow 43 treated seven patients meeting the Neary et al criteria for FTD with guanfacine for four months. The study was reported in abstract form. Outcome measures included a continuous performance task, forwards and backwards digit span, Stroop Reading and Interference Tests, Trails A and B, and NPI. There was no statistically significant improvement.
The following are single case reports. Goforth et al 44 reported improvement in quantitative electroencephalography in a patient with FTD who was treated with methylphenidate. There was also clinical improvement. Of note is that buproprion was added to augment the effects of methylphenidate. The authors state that the patient's personality reverted to near normal. Diagnosis was based upon criteria formulated by the Lund-Manchester groups and by McKhann et al. Lara et al 45 reported improvement in aggression in a patient with FTD who was treated with allopurinol for six weeks. Outcome measures were the Modified Overt Aggression Scale and the Brief Psychiatric Rating Scale. Diagnostic criteria for FTD were not stated. Imamura et al 46 reported improvement in recurrent and stuck-in-set types of perseveration after treatment with bromocriptine for 25 days in a patient who met Lund-Manchester criteria for FTD. A battery of 12 tests was used to detect perseveration. Frontal function was also assessed. In addition, the Alzheimer Disease Assessment Scale and digit span were administered.
Thus, several drugs have been tested in FTD with positive results, including trazodone, idazoxan, SSRIs, lithium plus fluoxetine, lithium plus paroxetine, l-deprenyl, moclobemide, methylphenidate, rivastigmine, donepezil, olanzapine, risperidone, amantadine, allopurinol, and bromocriptine; however, the data are not based on large-scale trials and only six studies were double-blind placebo-controlled trials. In addition to the above, Richard et al used calcium EDTA, a heavy metal chelator, to treat patients with Pick's disease [47] [48] [49] which is part of the spectrum of what was subsequently termed FTLD. 1 The rationale was based on the hypothesis that the primary defect in Pick's disease was an excess of zinc. Results included improvement in attention, contact, collaboration, initiative, communication, verbal fluency and comprehension, as well as a reduction in perseveration, echolalia, and verbal stereotypies. There was also improvement in prefrontal signs when present. In addition, the EEG improved in several cases.
Although the general principles applying to studies in Alzheimer's disease are applicable to FTD, there is a major divergence with regard to the ethics of using placebo controls. In Alzheimer's disease, placebo use would deny patients therapies that are now standards of practice. Currently, this concern does not apply to FTD, a condition in which there is no proven therapy.
Another critical issue in clinical trial design is the choice of outcome measures. Tests used in FTD trials include: NPI; FBI; Aphasia Quotient of the Western Aphasia Battery (WAB); Dementia Rating Scale-2; subscales of the WAB and FBI; Cambridge Behavioral Inventory; Tower of London; verbal fluency, rapid visual information processing; paired associates learning; pattern and spatial recognition; digit span; immediate and delayed pattern recognition; spatial span; spatial working memory; visual discrimination learning/attentional set shifting; Cambridge Gamble Task; MMSE; Clinical Global Impressions (CGI); 7-point scale modeled after the CGI change scale; clock drawing; proverb interpretation tasks; Stroop Test; Clinical Insight Rating Scale; Cornell Scale for Depression in Dementia; BEHAVE-AD; Relative Stress Scale; Paced Auditory Serial Addition Task; Stereotypy Rating Inventory; ID/ED attentional set-shifting task; delayed matching to sample; logical memory test; visuospatial skills test; activities of daily living measures; Abnormal Involuntary Movements Scale; Trails A and B; continuous performance task; Modified Overt Aggression Scale; Brief Psychiatric Rating Scale; measures of perseveration; Alzheimer Disease Assessment Scale; quantitative EEG and SPECT imaging. Based on this broad variety of outcome measures, it is evident that there is no strategy or consensus on uniform tasks for use across treatment trials in FTD.
Outcome measures should include measures of cognition that are based on a solid rationale and are well-validated and sensitive to change over relatively short time intervals. In early stages, FTD affects primarily social cognitive function, which may reflect orbitofrontal involvement; however, most standard neuropsychological tests of frontal lobe function are sensitive to dorsolateral frontal function and are relatively insensitive to orbitofrontal function. 50, 51 Therapeutic trials in FTD should include neuropsychological tests of social cognition, which are sensitive to FTD, such as Theory of Mind tasks. 51 In addition, there should be tests of orbitofrontal function that tap into measures outside the social cognitive realm. An example is object alternation, a measure of ability to shift sets and working memory for objects 52 and which is sensitive to FTD. 53 Ideally, a single global measure should be developed that taps into a broad spectrum of social cognitive and other orbitofrontal functions. This will minimize the number of primary outcome measures. Outcome measures that tap into a variety of other frontal functions should also be considered as a supplement to a social cognitive/orbitofrontal measure. Candidates include the Executive Interview (EXIT), 54 Frontal Assessment Battery (FAB), 55 and Addenbrooke's Cognitive Examination (ACE). 56 More selective tasks such as Wisconsin Card Sorting Test 57 and clock drawing 58 should also be considered. Outcome measures should also be used to assess the behavioural disturbances commonly seen in FTD, such as apathy and disinhibition. Potential candidates include the NPI, 59 which has been used in several therapeutic trials, the FBI, 60-62 and the Frontal Systems Behavior Scale (FrSBe), which was formerly called the Frontal Lobe Personality Scale (FLOPS). 63, 64 Behavioural measures may have better diagnostic utility for FTD as compared to standard cognitive tests. 62 However, further studies are required to determine whether behavioural measures provide a better strategy for assessing the effects of pharmacological interventions than the use of cognitive measures, including tests of social cognition (e.g., ToM tasks) and cognitive tests of orbitofrontal function (e.g., object alternation task).
Measures such as the Disability Assessment for Dementia 65 and Clinician's Interview-Based Impression of Change plus Caregiver Input, 66 as well as measures of caregiver stress, should be standard. The NPI Caregiver Distress Scale 67 has been developed as an adjunct to the NPI and would be a reasonable choice if the NPI is used. Other possibilities include the Relative Stress Scale. 68 In addition, measures of quality of life should be considered.
Outcome measures should also be defined for the full range of severity in FTD, although these may differ according to stage of disease. An appropriate measure of overall severity as an inclusion criterion is essential. Whereas the MMSE has become a standard for staging clinical severity in Alzheimer's disease, this test is relatively insensitive to early FTD and thus a more suitable measure is required. Candidates for consideration include the NPI, FBI, and FrSBe. Other options include the Clinical Dementia Rating Scale (CDR). 69, 70 Finally, there is a critical issue relating to differences in diagnostic criteria 1, 3, 25, 50 and terminology 2,26 that may hinder comparison across therapeutic trials. There is a need for consensus on diagnostic criteria and terminology among investigators.
Whereas speech-language pathologists commonly attempt to manage language-based symptoms of SD and PA using speech therapy, pharmacological approaches to FTLD have focused on FTD. The general principles outlined for FTD also apply to PA and SD, although specific outcome measures will need to be tailored to the language deficits in these disorders.
In conclusion, there are currently no formal standards for therapeutic trials in FTD. It is recommended that experts in FTD arrive at a consensus to define standards for all clinical trials in FTD. These should include standards for diagnostic criteria, tests of severity, experimental design, and outcome measures.
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